The focus in the study of pathways between the brain and the immune system has, until recently, been on brain-to-immune communication. In the present review we focus instead on immune-to-brain pathways by which events in the immune system can alter neural activity and thus behaviour. We argue that aspects of the immune system function as a diffuse sense organ, informing the brain about events in the body regarding infection and injury; that the proinflammatory cytokines such as interleukin-1 play key communicative roles in this regard, signalling the brain via both blood-borne and neural routes; and that the brain plays a major role in coordinating host defence. Behaviour is part of host defence, and is shown to be integrated into the pattern of immune processes. We argue that the circuitry that has evolved to mediate these effects has taken on a wider role in regulating behaviour, and we discuss implications for understanding 'stress'. We conclude that immune processes may be a major source of behavioural regulation.
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T he immune system and the central nervous system (CNS) have been classically thought to be independent and autonomous, each adapted to its own purposes and performing very different functions. However, research over the past 20 or so years has made it clear that these two systems are intimately interconnected, each modulating the other. About 15 years ago a cellular immunologist told one of us 'if the immune system has anything to do with the brain I'll eat my shorts'. We hope that s/he now has a new pair.
It is currently well accepted that the CNS exerts control over many aspects of immune responding. The CNS has several communication pathways to the immune system. Immune organs such as the spleen, thymus and lymph nodes are innervated by the sympathetic nervous system (Felten & Felten 1991) and immune cells such as lymphocytes express adrenergic receptors (Plaut 1987) . Immune cells also contain receptors for a variety of hormones (e.g. corticotrophin-releasing hormone, adrenocorticotrophic hormone, glucocorticoids, -endorphin) that are under neuroendocrine control (Plaut 1987) . All of these CNS-controlled outflow processes modulate immune activity, and manipulations of them or of the brain sites that control them alter immune function (Livnat et al. 1985; Roszman et al. 1985) . Furthermore, these brain-to-immune pathways allow behavioural and environmental variables ultimately to impinge upon immune function, a topic that is now familiar (e.g. the impact of stress on immune function) and that has been extensively reviewed (Kusnekov & Rabin 1994; Maier et al. 1994) .
However, more recently it has also become apparent that the communication pathways between the CNS and immune system are bidirectional, and that the immune system is capable of producing products that can signal the CNS, potently altering neural activity and thereby behaviour. In addition to its other well-known functions, the immune system may operate as a diffuse sense organ, scattered throughout the body, which informs the CNS about events in the body relating to infection and injury. These immune-to-brain pathways are less well known and may have special relevance to behaviour, and so will be the focus of this review.
THE IMMUNE SYSTEM
All organisms, from the simplest to the most complex, must defend against pathogenic microbes and repair
